INTRODUCTION
In 2007, articles suggesting that oxygen may harm people who have had a heart attack appeared in the UK popular press following the publication of a narrative review of oxygen use in acute myocardial infarction (AMI). 1 National and international guidelines have until recently recommended the use of oxygen in AMI patients in both the prehospital and hospital setting. 2e5 We undertook a Cochrane systematic review of randomised control trials (RCTs) on this topic. 6 The review concluded that there was considerable uncertainty with an RR of death for oxygen compared with air of 3.03 (95% CI 0.93 to 9.83) and that, since it was possible that oxygen increases mortality, a definitive RCT was required. 6 The objectives were: < to assess the feasibility of an RCT by examining potential professional resistance; < to see how frequently oxygen therapy is reported as being used in patients with AMI; < to explore health professionals' beliefs about the benefits or harms of oxygen in terms of death and pain relief, and their relationship to practice;
< to establish a baseline to later explore variations in reported practice and beliefs between countries and whether publication of the Cochrane review altered perceptions.
METHODS Design
A cross-sectional online survey of UK professionals who treat patients with AMI was carried out.
Population surveyed
We used theoretical sampling. The most important professional groups in the UK treating AMI were identified as ambulance, emergency department (ED) and cardiology staff. Professional groups were accessed by: 
Survey characteristics
To maximise completion rates, we restricted the survey to seven questions. Questions 1, 5, 6 and 7 had a free text option in addition to specified categories. No question required a mandatory response.
People were prevented from completing the survey more than once using cookies. People who left the survey half-way through were able to return to the question at which they stopped and complete the survey.
We used Surveyselect.net software hosted on a university server.
Ethical approval
To ensure that the survey met best practice, 7e10 a draft was sent to colleagues for comment prior to launch. It was confirmed that ethical committee approval was not required for this study in the UK. Participants were invited to leave their email addresses to receive the results of the survey.
Analysis
Data were analysed using Systat according to a prespecified strategy. Email addresses were stripped prior to analysis to maintain confidentiality.
Answers were described in absolute numbers and percentages.
The c 2 test was used to compare frequencies between groups. Where numbers were insufficient, meaningful categories were aggregated and/or the Fischer exact test was used. For hypothesis generating analyses, we aggregated the behavioural and belief data into binary variables: those who said that they 'always,' 'always unless contraindicated' or 'usually' routinely gave oxygen to patients with AMI were designated as 'use oxygen;' those who 'usually' or 'almost always' thought that giving oxygen reduces pain were designated 'improves pain;' those who thought it 'definitely' or 'probably significantly reduces the risk of death' were designated as 'reduces death.' p Values are reported when less than 0.20; otherwise the result is reported as 'not significant. ' 
RESULTS
The survey was online for 40 days. There were approximately 48 h of downtime during this period while the server was being physically relocated. At close, there were 526 records in the database. Two contained nonsense, not logically possible from the survey structure. We attributed these to technical problems (possibly caused by the relocation of the server) and deleted them. There were therefore 524 valid responses. Given the recruitment methods, it was not possible to report the response rate of those aware of and eligible to complete the survey. The question response rate dropped as the survey progressed, with 75.5% answering the last question. Questions left blank were reclassified to 'don't know' for questions 3e5. There was a good response from all three professional groups: 104 responses from ED; 153 from cardiology; 151 from the ambulance service. One hundred and ninety-eight people left their email address.
All questions and responses are given in table 1.
Overall result
Of those who see patients with AMI, 98.3% said they usually or always use oxygen. Fifty-five per cent of all respondents believed that oxygen definitely or probably significantly reduces the risk of death, contrasted with 1.3% (seven people) who believed it may increase death. Of the latter, three usually or always administered oxygen, and 29.4% believed it always or usually reduces pain. No one thought it increases pain. Only 1.7% said there were no local guidelines, and 96% of local guidelines were said to recommend the use of oxygen.
Profession and speciality
Non-doctors were more likely to believe oxygen reduces death (69%) than doctors (50%) (p¼0.02). Moreover, 8.3% of doctors thought that oxygen might actually increase mortality compared with just 0.98% of non-doctors (p<0.01). There was no statistically significant difference, however, between professions in their behaviour or their beliefs about the effect of oxygen on pain (table 2) .
ED and ambulance staff reported similar behaviours and beliefs. Cardiology staff were, however, marginally less likely to use oxygen than others (96% vs 100% p<0.003) and considerably more sceptical about whether it reduces mortality (48% vs 74% p<0.01) (table 2).
All four who reported that they did not routinely use oxygen or believe it reduced pain or death were from cardiology: two consultants, one nurse and one senior house officer. Experience, seniority and volume
Our prior hypothesis was that senior staff, and those who treated large numbers of patients, would be would be more sceptical about the benefits and use of oxygen, as they would tend to be more familiar with the lack of evidence to support the practice. Those seeing more than 50 patients a year reported a small, but statistically significantly, lower use of oxygen. This group was also less likely to believe that it improved pain and reduced death, although the differences were not significant (table 3) . Doctors who had finished specialist training were less likely to believe that oxygen improved pain, but there was no significant difference in behaviour or beliefs about the effect on mortality (table 3) .
Ambulance staff, whether paramedics or technicians, reported 100% use of oxygen. Paramedics were more sceptical about oxygen's benefits than technicians, although the difference was not statistically significant (table 4) .
DISCUSSION
Our survey demonstrated that the majority of respondents believe oxygen to be beneficial, and nearly all report using it routinely, even those who do not believe in its benefits. This is consistent with the recommendations for the management of AMI in most current guidelines at the time we undertook the survey. The overwhelming majority of respondents said there were local guidelines, of which only four were reported not to recommend the use of oxygen. Although the results were highly statistically significant (p<0.003), there was negligible difference between specialities with 100% of ED and ambulance staff usually or almost always using oxygen compared with 96% of cardiology staff.
The use of the internet for health research is growing and unstoppable. The speed, ease of conduct and cost-effectiveness of online surveys make them attractive. A strength of this survey is that there was good response from across all key professional groups. However, there are known methodological challenges with online open-access surveys, 7 and this study suffers in particular from two limitations: we could not ensure that those responding actually came from the professional groups they claim to come from; the sampling is not random. To limit the former problem, we used targeted methods to raise awareness of the study. The consistency and coherence of results suggest to us that it is unlikely that there is a significant proportion of false respondents. (Also, 198 people left email addresses, many of which were NHS.) The second problem, that random sampling, as commonly used in traditional surveys, is not possible when using the internet signposting, webpage advertising or email snowballing techniques, for recruiting participants, means that there is not a numerically identifiable, probabilistically selected, denominator population. This limits the statistical inferences that can be appropriately drawn. We used theoretical sampling to select key professional groups to be surveyed, choosing those most likely to see patients with AMI, in order to capture not only the use of oxygen but, more importantly, subjective beliefs and rationales behind such use. While it could be speculated that professionals with strong opinions would be more likely to respond to this survey, we do not think there is a compelling a priori reason to suggest that online survey methods will be more likely to systematically select a professional group more likely to report the observed results (a belief in the benefits, and reported use, of oxygen) than traditional survey methods.
There were too few people who were sufficiently sceptical about the value of oxygen to permit deep exploration.
In this study, 98% of respondents reported usually or always using oxygen compare with the 1997 UK survey, which reported that oxygen was not routinely prescribed in 53% of UK coronary care units. 11 The difference may be due to today's greater emphasis on following guidelines compared with a decade ago, but it could also be a reporting bias because people wish to appear compliant with recommended practice.
The results of this study implied that there could be significant resistance from professionals to an RCT looking at the benefit of oxygen because they may have insufficient equipoise to be prepared to withhold oxygen from the control group. Most major guidelines current when we undertook the survey would reinforce this. The American College of Cardiology identified oxygen as a 'routine measure,' with a Class I recommendation that it should be administered to patients with arterial oxygen desaturation (SaO 2 less than 90%) based on (level of evidence B), and a IIa recommendation that it is 'reasonable' to administer to all uncomplicated STEMI patients during the first 6 h based on (level of evidence C). 2 3 The European Society of Cardiology recommended use at 2e4 l/min 'especially to those who are breathless or who have any features of heart failure and shock' and comment on the value of monitoring saturation to help in deciding on the need for oxygen administration. 4 The International Liaison Committee on Resuscitation (ILCOR) presented a 'consensus on science,' in which they reflect on one animal study suggesting reduced infarct size, and one human study reporting improvements in the ECG, and a single randomised trial which failed to show any long-term benefit; the subsequent recommendation is that oxygen be given to desaturated patients but goes on to comment 'Given the safety profile of oxygen in the (MI) population and potential benefit in patients with unrecognised hypoxia, it is reasonable to give to all uncomplicated STEMI patients during the first 6 h of emergency management.' 5 The European Resuscitation Council suggested 4e8 l/min for all desaturated patients and those with pulmonary congestion and, while explicitly acknowledging the 'lack of proof ' for long-term benefit in uncomplicated patients, recommend that it be given to all on the basis that it will benefit those with unrecognised hypoxia. 12 JRCALC, which publishes UK national guidelines for treatments delivered by paramedics, recommended routine use of high-concentration oxygen, whatever the oxygen saturation, if an acute coronary syndrome (ACS) is suspected. 13 That an overwhelming majority of participants in our survey reported routine use of oxygen can be viewed positively in that compliance with guidelines is high. However, the above international recommendations appear to reflect consensus rather than high-quality evidence. Our findings suggest that some professionals follow guidelines despite their personal beliefs about the intervention's value. There is a need, therefore, to critically assess the guidelines on which such treatment is based in an area where concerns about safety and efficacy have been resurrected some decades since the best RCT-reported absence of benefit. This is beginning to happen. With the growing emphasis on evidence-based practice, new guidelines are beginning to diverge from the consensus. Recent guidelines from the Scottish Intercollegiate Guidelines Network (SIGN) unequivocally state that there is no evidence to support routine use of oxygen across the broad spectrum of ACS, restricting recommendations for use in hypoxic patients and those with pulmonary oedema or continuing myocardial ischaemia, and making clear that this recommendation is based on expert opinion alone.
14 Similarly, the recent European guideline does not recommend routine oxygen use in uncomplicated ACS. 15 The British Thoracic Society have recently published guidelines on emergency oxygen use in adult patients, endorsed by several organisations including JRCALC, recommending that MI or ACS patients should only receive oxygen if hypoxaemic, although this again is based on expert consensus rather than hard evidence. 16 The diversity of approaches to oxygen use, in relation to indications, dosage and duration of treatment, in the major guidelines imply that not all can be recommending what is best for patients. Moreover, there is the potential for confusion among those providing emergency cardiac care. There is a need to adopt a more consistent approach, but this is difficult in the absence of clear evidence of which patients benefit, the appropriate dose and duration of treatment. RCTs are urgently required to clarify the role of this key component of emergency care.
CONCLUSION
The conflict between the current, albeit weak, evidence suggestive of possible harm from oxygen use in AMI, and most current guidelines and practice promoting its use, means that a definitive RCT is urgently required. The widespread belief in the benefit of oxygen, as demonstrated by this survey, suggests that currently it may be difficult to persuade funders of the importance of this issue or health professionals to participate in enrolling patients into such a trial. However, the fact that new guidelines are beginning to change their recommendations, despite no new evidence having emerged, suggests that attitudes may be changing. An active educational and publicity campaign to make professionals aware of the current evidence may help spread an appreciation of the uncertainties in this area and make it feasible to conduct the long-needed definitive RCT on this question.
